Coffee is the most popular drink in the world and coffee intake may be a risk factor for gastroesophageal reflux disease (GERD), which is a common disorder and its worldwide prevalence is increasing. However, the effect of coffee on GERD remains to be fully elucidated. The relationship between GERD and coffee consumption is not clear given the existing literature, whose results are diverse and contradictory. Existing systematic investigations are not adequate and further well-designed prospective studies are needed to clarify the effect of coffee on GERD.
Introduction
Gastroesophageal reflux disease (GERD) is a common disorder and the worldwide prevalence of the disease is steadily increasing. This condition is characterized by symptoms and/or complications caused by contents of the stomach leaking into the esophageal region (Vakil et al., 2006) . Most GERD patients present with esophageal syndromes such as heartburn, regurgitation, chest pain, dysphagia, odynophagia, etc. Retrosternal burning and regurgitation are the hallmark GERD symptoms (Sawaya et al., 2012) . Recent evidence has suggested that extraesophageal syndromes such as cough, reflux laryngitis, and asthma may also arise in the presence of GERD and recently the Montreal classification of GERD has divided the disease into esophageal and extraesophageal syndromes (Vakil et al., 2006) . The growing obesity, diet and lifestyle, increased realization of extraesophageal symptom may be part of the potential explanations for the increasing prevalence of GERD (El-Serag, 2007; Djärv et al., 2012; Wu et al., 2007) .
GERD is a chronic disease and patients are subject to frequent relapses, which negatively affect health-related quality of life (Armstrong et al., 2005) . In Western countries, the prevalence of GERD is 10% to 20% of the population (Fedorak et al., 2010) . The main cause of GERD is clear but the involvement of lifestyle for the development of GERD and the effect of lifestyle modification is not clear. GERD treatment is patient specific, but the overall goal is to reduce the symptoms and reverse any damage that may have occurred to the mucosal layer of the esophagus. Although lifestyle modifications may benefit some patients, these changes alone are unlikely to control all symptoms for the majority of patients (DeVault and Castell, 2005) .
Coffee use is often discouraged in patients with GERD although little evidence exists linking coffee consumption and GERD incidence. Coffee is one of the most widely consumed beverages in the world with well documented stimulating effects on the central nervous system (Gutiérrez-Grobe et al., 2012) . Coffee has been linked to irritation of the gastric mucosa, disruption of the mucosal barrier and increased risk of peptic ulcers. Epidemiological data has suggested that coffee acts as a stomach and esophageal irritant and may be associated with gastroesophageal reflux, which may lead to ulcers and cancer in the afflicted areas (Terry et al., 2000) . However, a definitive relationship between coffee consumption and GERD has not yet been elucidated and few systematic reviews on the topic have been published. Therefore, the purpose of this article is to clarify the relationship between coffee intake and GERD through a review of the existing literature.
to systematically examine existing literature pertaining to coffee consumption, GERD symptoms and mucosal damage. Specific questions pertaining to this area of research were evaluated below.
Results and Discussion
Epidemiological studies that examined the relationship between coffee and GERD Of the 15 epidemiological studies, only 5 studies concluded that GERD symptoms were associated with coffee intake (Table 1) (Bhatia et al., 2011; Lee et al., 2011; Somi et al., 2006; Wang et al., 2004; Castelo Vega et al., 2003) . These included an Indian prospective,
Sources of Information
'Gastroesophageal reflux disease', 'GERD' and 'coffee' were used as search terms in the PubMed database, which returned 53 articles. The abstracts of all these articles were reviewed and 15 were original epidemiological studies that evaluated the relationship between GERD and coffee (Pandeya et al., 2012; Bhatia et al., 2011; Lee et al., 2011; Friedenberg et al., 2010; Nasseri-Moghaddam, et al., 2008; Dore et al., 2008; El-Serag et al., 2007; Zheng et al., 2007; Somi et al., 2006; Moraes-Filho et al., 2005; Nilsson et al., 2004; Wang et al., 2004; Castelo Vega et al., 2003; Conio et al., 2002; Chang et al., 1997) . These articles were reviewed decrease in the risk of reflux symptoms among people who drank more than seven cups of coffee per day compared with those who drank less than one cup (OR: 0.6; 95% CI: 0.4 − 0.7). However, the univariate analysis revealed a slight increase in the risk of reflux when the same groups above were compared (OR: 1.2; 95% CI: 1.1 − 1.4), although this increased risk was entirely explained by the confounding variable of tobacco smoking. Interestingly, data from the Swedish Twin Registry (Zheng et al., 2007) revealed a gender-dependent association between coffee intake and GERD symptoms. In women coffee use was dose-dependently associated with risk of frequent GERD symptoms, with about a 45% increased risk among heavy users who drank more than 7 cups per day compared with non-users in the univariate analysis. However this association was not significant when BMI, smoking, and physical activity were accounted for in the multivariate analysis. The opposite trend was found in men. For men, there was a significant and inverse dose-dependent association between coffee consumption and GERD symptoms with a 25% decreased risk for heavy users. The gender difference in the associations was statistically significant (Zheng et al., 2007) .
Effect of coffee on GERD 1. Is Caffeine related to GERD? Caffeine is a colorless, bitter-tasting substance that naturally occurs in foods such as coffee, cola, cocoa and tea. Several studies have examined the effects of caffeine on GERD. Wendl et al. (1994) found that regular coffee increases gastroesophageal reflux when compared to decaffeinated coffee. In a double-blind study by Pehl et al. (1997) , 17 reflux patients performed two esophageal pH measurements 3 h after ingestion of 300 mL of either regular or decaffeinated coffee together with a standardized breakfast. The fraction time esophageal pH < 4 was calculated to a median of 17.9% for regular coffee. This was reduced to 3.1% after ingestion of decaffeinated coffee, suggesting that decaffeinated coffee reduces the esophageal acidity potentially via a reduction in esophageal reflux.
2. Different coffee and GERD Different types of coffee beans have different caffeine levels and subsequently, different coffee brands have different amounts of caffeine. In Brazer et al.'s double-blind and crossover study, 3 caffeinated coffees were used to investigated the effect on GERD: coffee multi-center study, by Bhatia et al. (2011) that found a positive relationship between tea/coffee and GERD (Table 2) . Lee et al. (2011) enrolled 450 patients from gastroenterology clinics and found that coffee intake was significantly associated with erosive esophagitis using a univariate analysis. Another cross-sectional study (Somi et al., 2006 ) also found drinking coffee was associated with higher prevalence of GERD symptoms. Wang et al. (2004) and Castelo Vega et al. (2003) found consumption of coffee was independently associated with symptomatic gastroesophageal reflux (OR = 1.23; CI: 0.17 − 2.00 & OR = 4.39; CI: 1.72 − 11.65).
Although 5 studies found a relationship between coffee consumption and GERD, the majority of studies found no significant relationship (Pandeya et al., 2012; Friedenberg et al., 2010; Nasseri-Moghaddam et al., 2008; Dore et al., 2008; El-Serag et al., 2007; Zheng et al., 2007; MoraesFilho et al., 2005; Nilsson, et al., 2004; Conio et al., 2002; Chang et al., 1997) . A study that was derived from a population registry in Australia (Pandeya et al., 2012) found no evidence that frequent GERD symptoms were associated with coffee consumption. Similarly, a cross-sectional survey acquired via in-home interviews, convenience sampling, and targeted mailing, found no association between reflux disease and lifestyle choices such as coffee drinking (Friedenberg et al., 2010) . Two studies from Italy revealed no correlation between coffee drinking and GERD (Nasseri-Moghaddam et al., 2008; Conio et al., 2002) . El-Serag et al. (2007) conducted a nested case-control study to examine the prevalence and risk factors for current GERD symptoms in young adults with a history of childhood GERD. These authors found no relationship between coffee and GERD. A Brazilian national study that enrolled 13,959 adults was conducted by MoraesFilho et al. (2005) . These authors evaluated the prevalence of heartburn and GERD from individuals in 22 Brazilian cities. Only 9.2% of heartburn patients and 9.5% of GERD patients reported drinking coffee. Chang et al. (1997) also observed that coffee or tea drinking did not contribute to the development of esophagitis. Nilsson et al. (2004) collected and analysed data on the use of coffee and GERD using a case control design from two public health surveys. In the multivariate analysis there was a negative association between coffee intake and reflux symptoms. Additionally, there was an approximately 40% Coffee and GERD Table 2 . Tea/coffee consumption (%) in study subjects with or without GERD, from the study of Bhatia et al. (2011 water, fruit juice, cola and beer on 24-h pH test scores. Total test time, total drink time, total minutes of pH < 4.0 during drinking, minutes of pH < 4.0 ten minutes before drink, and minutes of pH < 4.0 ten minutes following drink were compared between the beverages. The percentage of total time pH < 4.0 was not significantly different between any of the liquids, suggesting that the type of beverage had a minimal impact on esophageal pH. Boekema et al. (1999) concluded that coffee had no important effect on gastro-esophageal acid reflux in GERD patients using data from a randomized, controlled, crossover study. In this study, participants included seven GERD patients and eight healthy subjects. Each individual underwent 24h esophageal pH and manometric monitoring after a day of coffee abstinence. At well-defined times, they ingested either 280 mL of regular coffee or 280 mL of water. Coffee or water was consumed 1 h after breakfast, during lunch, 1 h after dinner and after an overnight fast. Reflux and esophageal motility were assessed for the first hour after each coffee or water intake. The results showed that coffee had no effect on postprandial acid reflux time or number of reflux episodes, in both GERD and healthy subjects. Coffee increased the percentage acid reflux time only when ingested in the fasting period in GERD patients, but not in the healthy subjects. There was no effect of coffee consumption on postprandial lower esophageal sphincter pressure (LESP), patterns of LESP associated with reflux episodes or esophageal contractions.
Lower-esophageal-sphincter (LES) pressure
The LES is a tight ring of muscle located at the junction of the esophagus and stomach that is usually closed to prevent the stomach contents from moving into esophagus. LES together with the crural diaphragm are the major antireflux barriers protecting the esophagus from reflux of gastric content (Hershcovici et al., 2011) . Gudjonsson et al. (1995) studied the effects of coffee and tea on LES function in a blinded crossover study of 12 healthy subjects. The results showed that LESP was significantly lower after intake of regular coffee and tea, but not after decaffeinated coffee and water. These findings suggest that decaffeinated coffee does not have adverse effects on LES function. In another study, heartburn subjects had diminished basal LES pressure, 8.3 ± 1.1 mmHg, compared to asymptomatic subjects, 19.4 ± 1.3 mmHg after drinking four separate doses of coffee (P < 0.01) (Cohen, 1980) . However, Cohen et al. found contradictory results in that LES pressure was significantly increased by both regular and decaffeinated coffee, although caffeine did not significantly affect LES pressure (Cohen and Booth, 1975) .
A is a widely distributed roast and ground coffee available in the United States market; coffee B is a premium quality roast and ground coffee available in the European market, characterized by a "special" treatment; coffee C is the same coffee without the treatmen. And as a result, different coffees induce variations in gastroesophageal reflux in coffee-sensitive subjects (Brazer et al., 1995) . Paradoxically, DiBaise (2003) compared the effect of different coffee-roasting processes on upper gastrointestinal symptoms in coffee-sensitive individuals and found that different coffee bean roasting process did not result in marked differences in coffee-induced symptoms. What makes the different results in different studies? First, their caffeine concentration may vary in different coffee beans and different types of coffee processing, which may also produce or release substances within coffee that buffer noxious elements either in the coffee itself or as a result of coffee-induced gastric secretion. Second, the relationship between symptoms and reflux episodes may depend on the presence of esophagitis or acid sensitivity. Third, it is likely that symptom frequency and severity are dependent not only on the degree of gastroesophageal reflux induced by coffee, but also the gastrointestinal tract. Last, individual variability accounts for the different responses to coffee drinking and there may be other factors which act in concert with coffee related GERD symptoms.
3. Gastric acid secretion GERD is the result of excessive gastroesophageal reflux of gastric juice and impaired esophageal clearance of the refluxate. GERD severity depends on lower esophageal sphincter dysfunction as well as the type and amount of fluid brought up from the stomach. The role of acid, weak acid and bile in the mechanism of esophageal mucosal damage and reflux symptoms is complex. Acid, which is the primary cause of heartburn and regurgitation, may be the principal factor in determining the severity of esophagitis (Richter, 2009) .
Excessive production of gastric acid is the most common cause of acid reflux. Acid reflux is often characterized by heartburn, which is described as a burning sensation that starts at the stomach and goes up to the throat. Cohen and Booth (1975) compared the dose-response relations of regular coffee, decaffeinated coffee and caffeine for gastric acid secretion in normal subjects on a cup-equivalent basis. Regular coffee gave a maximal acid response of 20.9 ± 3.6 mEq/h, which was similar to that of decaffeinated coffee, 16.5 ± 2.6 mEq/h. Both values were higher than that of caffeine at 8.4 ± 1.3 mEq/h, on a cup-equivalent basis. Therefore, the effects of caffeine may be moderated when ingested via coffee drinks. Shoenut et al. (1998) conducted a prospective investigation into the impact of ingested liquids including coffee/tea,
Summary
The prevalence of GERD patients was increasing in the world and the presence of GERD may affect the patients' quality of life. Treatment aims at decreasing the amount of reflux or reducing damage to the lining of the esophagus from refluxed materials. Avoiding foods and beverages that can weaken the LES is recommended. These foods may include chocolate, peppermint, fatty foods, coffee, and alcoholic beverages. Coffee consumption in China is growing fast in recent years and a lot of people enjoy it. However, many patients complained that their stomach starts to be painful, burning immediately after coffee drinking. Coffee might in some way induce or exacerbate GERD symptoms from majority of the patients. However, the relationship between GERD and coffee consumption is not clear given the existing literature. Some of the diverse and contradictory results can be partly attributed to the different definition of GERD, different study design, different kind of coffee and individual variability of responses to coffee drinking. Further well-designed and large population based prospective studies are needed to clarify the effect of coffee on GERD.
